have long been a concomitant of epidemic disease. Thus during the latest prolonged pandemic of cholera, health authorities in Asia, Africa and Europe repeatedly denied that the infection had reached their countries. When eventually they began appealing for outside help, cholera had become firmly entrenched. Typhoid has had a similar effect, as epitomized in the persecution of a zealous medical officer in Ibsen's 'An Enemy of the People', and more recently in the Zermatt epidemic. But the demands upon politicians and medical officers are complex, and still must occasionally be met by irrational acts. For example, during the 1964 Aberdeen typhoid epidemic, the spraying of the streets with disinfectant solution evidently satisfied a deep need of the local population.
Cholera has, however, elicited more than its fair share of public and medical obtuseness. The Boards of Health which investigated the early outbreaks were accused of inventing an imaginary disease so that members could obtain their daily fees. Moreover, miasmas and sewer gases were being invoked as etiological agents long after John Snow (1855) had elucidated the water-borne route of spread and his colleague Arthur Hassall (1855) had actually described and depicted the cholera vibrio -30 years before its 'discovery' by Koch. Nevertheless, for the wrong reasons the right things were done. Each wave of cholera as it swept through Britain stimulated valuable sanitary reforms and public health legislation, engineered by Chadwick, Southwood Smith, Farr, Simon and other indefatigable Victorians. In the international field, cholera led to cooperative effort and, in 1907, to the establishment of the Office of International Public Hygieneancestor of the World Health Organization.
For medical science, too, cholera has proved a valuable catalyst. The work ofHaffkine in India led, in 1895, to the production of a prototype killed vaccine, while the clinical researches of Sir Leonard Rogers in India had, between 1907 and 1920, established the modern intravenous treatment of severe water and electrolyte loss. But very notable scientific work has also been stimulated by the current seventh pandemic. The El Tor vibrio, whose early history is described by Dr Bryceson, lost its hemolysin in 1961 but, paradoxically, at the same time lost its innocence and spread as a pathogen from Indonesia to China and India. There it replaced the classical Vibrio cholere due to an enhanced ability to survive outside the body in food as well as water and within the intestine, where it readily establishes a carrier state. It has subsequently shown great resourcefulness in spreading throughout the world, causing not only dramatic epidemics such as the recent ones in Portugal and Italy, but also becoming an endemic infection in Cholera Old and New Few major infectious diseases have moved with the times as successfully as cholera. There can also be few rivals to cholera as a power for good as well as ill; and no other disease has such a superbly documented life story. The progress of cholera following the last major British epidemic of 1866 is reviewed in this issue by Dr Bryceson (p 363). At least two other aspects of the disease which are widely separated in time merit close attention: the reaction of the medical profession and general population to its arrival in Britain, and the recent researches into its pathogenesis.
Contrary to popular belief, cholera is a relatively young disease. The name had been used for many centuries to indicate a 'bilious' disturbance, and by the seventeenth century it referred to severe summer diarrhoea. But before 1781 there were no authenticated epidemics of true 'Asiatic cholera'with profuse vomiting and rice-water stools, increasing muscle cramps, respiratory distress (asphyxia pestilenta) and rapid 'blue collapse'. Around this time a subtle genetic change must have occurred in a member of the vibrio genus. This heralded the triumphal progress of true cholera, beginning in Jessore, near Calcutta, in 1817 when the first pandemic set out. It spread gradually throughout India and the Far East, travelling along pilgrim and trade routes, reaching Muscat, Teheran and Baghdad in 1821. Reinvigorated five years later, cholera (as the second pandemic) penetrated Russia, and by late 1830 was poised in Northern Europe, waiting to strike the British Isles. The British government placed Russian ships in quarantine and sent some doctors to study the Russian epidemic. But in August 1831 fatal Asiatic cholera at last arrived from Hamburg in the northeastern English port of Sunderland (Longmate 1966 ). The first official case was not, however, reported until 26 October, and Sunderland was quarantined a week later. Nevertheless, despite the raging epidemic, the civic dignitaries persuaded their local medical practitioners to issue, under duress, a statement denying the presence of cholera and declaring that 'the town is now in a more healthy state than it has usually been in at the present season' (Ainsworth 1832) . Three months laterby which time cholera had spread throughout Britainthe first editor of The Lancet, Thomas Wakley, aimed his celebrated invective at 'the subornation of medical opinion, and the recklessness and avarice of a knot of mercantile speculators. . . who, with bared faces, erect and conspicuous before the world, continued to deny the existence of an unusual malady, until the choked graveyards of their town bore witness to the deplorable fact' (Lancet 1832).
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West Africa and elsewhere. This change in its epidemiology should ensure the disease's survival for many years to come. Great progress has been made in understanding the pathogenesis of cholera. Volunteer experiments show that the infective dose is at least 108 vibrios in the presence of normal gastric juices but it is reduced to I04 if the acid barrier is removed by swallowing 2 g of sodium bicarbonate (Cash et al. 1974 ). Although, as in typhoid, there is no suitable animal model for the disease, a cholera effect is produced by injecting filtrates from virulent cultures into tied-off loops of small bowel in rabbits. The profuse outpouring of water and electrolytes from the brush border cells of the intestinal epithelium into the lumen is due to the production of an exotoxin ('enterotoxin') by the vibrios which are multiplying on the cell surface. This toxin is a simple protein with a molecular weight of 82 000 daltons and contains a small active subunit (A) and a larger toxoid subunit (B). Gangliosides in the epithelial cell membrane act as binding sites for subunit B; subsequently subunit A stimulates and irreversibly affects the enzyme adenylate cyclase inside the cell. This causes an accumulation of adenosine 3' :5' monophosphate (cyclic AMP), which in turn stimulates chloride secretion into the lumenaccompanied by sodium, potassium, bicarbonate and water (Van Heyningen et al. 1976 ).
An extension to cholera research has recently shown that infantile gastroenteritis due to enteropathogenic serotypes of Escherichia coli involves closely similar enterotoxins (Gorbach 1974) . This finding vindicates the old descriptive term cholera infantum.
Replacement of the relatively inefficient killed cholera vaccine is long overdue. Excellent protection has been obtained in volunteers using toxoid administered by mouth or injection; and a schedule combining both routes seems particularly promising (Pierce & Reynolds 1975) . In contrast, the theoretically appealing idea of developing a live attenuated oral vaccine faces major practical obstaclesnotably the problem of achieving bowel colonization by avirulent vibrios, which have lost both the ability to multiply on the intestinal epithelial surface and, by definition, the ability to produce enterotoxin (including the immunogenic components).
Apart from the El Tor vibrio, other 'new' pathogenic vibrios have recently become prominent. Vibrio parahagmolyticus causes severe food poisoning, mainly involving sea foods (Barker & Gangarosa 1974) . The relatively anaerobic Campylobacter species are even more alarming. These are related to Vibrio fetus and are probably derived from vertebrate animals. Infection can produce not only a cholera-like illness but also invasion of the bloodstream (Butzler et al. 1973) . Clearly the vibrio group of bacteria remains worthy of our respect and attention.
